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Overview

Given the current state of the system and Remaining Useful Life 

(RUL) estimates for deteriorating components, find the optimal 

ACM Problem Statement Potential NASA/DoD Programs for ACM

(RUL) estimates for deteriorating components, find the optimal 

action series that will bring the system to the desired state with a 

minimal cost and highest probability of success within predefined 

system constrains.system constrains.
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Constraints

Approach: Hierarchical Configuration

Objective: Demonstrate hierarchical decision 

making for reconfiguration based on prognostic 

information available to an ACM system. 

: maximize vehicle utility

• Lower level Control Reconfiguration
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Approach: Hierarchical Configuration

• High level (mission) planning

–Mission adaptation/re-planning

Pr - System prognostic information
Pe - Closed loop performance
M and Mcom - The mission objectives
R - System restructuring indicators
F - Fault mode

R Completion

Extra time taken to 

Complete the Mission

Resource 

Consumption

Total Cost

Diagnostics

Set-Point Redistribution Reconfiguration

–Ensure system stability and safety

• Mid level resource re-allocation

–Restructure subsystems

Fm - Fault mode

• Dynamic Cost Models

–Requirements and resources modeled into quantitative costs

–Costs change dynamically with mission completion stage

Consumption

Set-Point

Controller

Redistribution

Controller

Reconfiguration

Controller

Interconnection
Structure

–Restructure subsystems

–Redistribute control authority

–Ensure subsystem stability

• Low level (control) reconfiguration

–Costs change dynamically with mission completion stage
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• Low level (control) reconfiguration

–Reconfigure set points

–Ensure component dynamic stability
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Objectives

External Commands 
Fault

Simulator

• System

–Monopropellant Propulsion System (MPS)

–Simulates various component failures
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System Model 

State awareness Dynamic

Sensors

– Regulator failure, heater stuck failures, valve 
stuck failures, sensor degradation, gas path 
leakage

• Scenario
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InputsACMACM
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Dynamic

Cost Models

Diagnostics

• Scenario

–Orbiter reconnaissance mission

–ACM executes mission re-planning and 
system reconfiguration in the event of 

(b) Simulation results for sensor degradation and minor leakage(b) Simulation results for sensor degradation and minor leakage(b) Simulation results for sensor degradation and minor leakage
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Simulator 

Decision 

Maker 

Diagnosis

system reconfiguration in the event of 
multiple simultaneous failures

–Estimate the RUL of the failing components
– Fault condition caused by corrosion in one of 
the pressure sensors of the regulator
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Strategies

Simulation

Driver
Performance 

Evaluator (V&V)

the pressure sensors of the regulator

–ACM uses prognostic information for
– Control authority reconfiguration

– System level reconfiguration
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(c) Simulation results for sensor degradation and severe leakage(c) Simulation results for sensor degradation and severe leakage(c) Simulation results for sensor degradation and severe leakage

Mission Profiles

– Mission re-planning


